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ABSTRACT 
A collection of high-resolution, 
precision simultaneous sound speed and 
temperature profiles to 2200m depth, and 
their envelopes for each station is 
presented for 25 stations in Bermudian 
waters in the months of October,December 
and March. The period October to March 
covers the full range of large seasonal 
changes in the near-surface waters from 
summer to winter;while the deep waters 
remain relatively stable and do not show 
any definite seasonal changes. For two 
long constant depth stations*in and below 
the main thermocline,time series and their 
power density spectra are shown for sound 
speeds and temperatures. A table of sound 
channel parameters at all stations conclude 
the report. The report emphasizes the 
variability and short-lived phenomena in 
oceanic waters around Bermuda. 
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LIST OF STATIONS AND FIGURES 
Chart of Stations : Fig. 1. 
FIGURE NUMBER 
PROFILES ENVELOPES 
STATION POSITION DATE # OF SOUND TEMPERATURE 
NUMBER North West PROFILES SPEED 
40 31°351 64°35» 1 Oct. 64 4 2 3 56 
41 30°37' 64°37' 2-5 Oct. 64 22 4 5 57 
Constant Depth Recordings: depth 1170m (41CD1): 6; Spectrum: 8 
930m (41CD2): 7; Spectrum: 9 
42 30°37» 64°351 10/11 Oct. 64 8 10 11 58 
43 32°231 64°28' 2 Dec. 64 2 32 33 63 
45 32°181 64°251 6 Dec. 64 4 34 35 64 
46 31°42' 64°41' 13 Dec. 64 2 36 37 65 
47 31°54' 64°12' 13 Dec. 64 2 38 39 66 
48 32°13 1 64°281 17 Dec. 64 2 40 41 67 
86 32°521 63°551 13/14 Dec. 65 4 42 43 68 
87 32°22' 63°40' 14 Dec. 65 2 44 45 69 
88 31°58' 64°001 16/17 Dec. 65 4 46 47 70 
89 31°45' 64°44' 17 Dec. 65 4 48 49 71 
90 31°42' 64°37' 22 Mar. 66 4 50 51 72 
91 32°02 ' 64°37 ' 23 Mar. 66 2 52 53 73 
92 32°02' 64°37 ' 25 Mar. 66 2 54 55 74 
109 32°13 1 64°30' 13 Oct. 66 2 12 13 59 
110 32°141 64°25' 18 Oct. 66 2 14 15 60,61 




16 17 ti 
112 32°171 65°53' 20 Oct. 66 A 0> H ec 18 19 ii 
113 33°01' 65°16' 21 Oct. 66 4 -g 20 21 ii 
114 32°58' 64°25' 22 Oct. 66 
3 
6 £ 22 23 ii 
115 32°58 ' 63°26' 22 Oct. 66 
CO 
^ * 
24 25 ii 
116 32°171 63°56' 22 Oct. 66 5 £ 26 27 ti 
117 31°341 64°26' 23 Oct. 66 4 ? 28 29 ii 
119 32°14 * 64°34' 10 Nov. 66 2 30 31 62 

INTRODUCTION 
This volume presents a collection of high-resolution, pre¬ 
cision simultaneous sound speed and temperature versus depth 
profiles from 25 stations taken in Bermudian waters during the 
months of October, December and March of several years. The 
time between October and March encompasses nearly the full range 
of seasonal changes in the ocean around Bermuda. 
In October,the surface waters around Bermuda still retain 
their summer character, with a very warm and shallow surface 
layer. By March they have reached their full winter structure 
where the topmost several hundred meters are nearly isothermal. 
December is intermediate in character, the thin warm water lay¬ 
er has disappeared from the surface, the isothermal region only 
reaches to about a hundred meters. At greater depths, the bot¬ 
tom of the 18° Sargasso Sea (i.e., the main thermocline) shows 
some seasonal changes, but these are not very drastic. 
In addition to showing profiles, we have included two 
sound speed and temperature time series at constant depths, one 
just below, the other inside the main thermocline, and their 
power density spectra. This data was obtained during a long 
anchor station in over 2000 fathoms depth, about 100 miles 
south of the island. 
INSTRUMENTATION, DATA PROCESSING 
All stations in this report were taken from our R/V SIR 
HORACE LAMB, using several generations of our sound velocimeter 
instrument package and associated shipboard recording gear. 
Although the instrumentation at different times might have dif¬ 
fered in detail, the principles and methods have remained un¬ 
changed over the years. 
The underwater sensor package contained two NBS-type 
velocimeters (Modified TR-2) for channels 2 and 3; a FM-out- 
put precision pressure gauge for channel 1; and a FM-output 
platinum resistance thermometer (Hytech 4002) in channel 4. 
Each instrument was fed by an individual voltage regulator. 
The instrument outputs, after suitable frequency divisions to 
prevent overlapping, and filtering, were combined in a summing 
cable driver amplifier and sent up via a single-conductor 
cable. The underwater package was powered from a topside con¬ 
stant-current DC supply through the same cable. 
On shipboard the composite signal was separated into its 
component channels. The frequencies were multiplied by a chain 
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of push-push doublers to four times the basic instruemnt fre¬ 
quencies in order to improve resolution. The 4 channels were 
scanned and counted in a 1-2-1-3-1-4 sequence, a second for 
each channel, and the frequencies printed on paper tape. 
In profiling, cable speed was controlled to give a depth 
change rate of about 1 m/s. Thus, sound speed readings were 
obtained about every 3.5m, temperature every 9m, and depth 
every 3m, on the average. 
Our methods of data processing ashore, and quality control, 
have been described in previous volumes of this series. Suffice 
to mention that data reduction was done on the LDGO computer, 
yielding machine-drawn original profiles as well as numerical 
output data; and that the sound speed as given in the graphs is 
the validated average of the two velocimeter readings. 
ACCURACY, CORRECTIONS TO THE PLOTS 
The sound speeds in the graphs pertain to a velocimeter 
standardized for + 10°C. For other ambient temperatures, the 
readings in the plots have to be corrected for sound path ex¬ 
pansion effects: 
True sound speed = \U + Correction 
Correction = 1.46 * 10-5 (T - 10) V. 
' i 
where T: ambient temperature, °C 
and V_^: indicated sound speed 
T, °C Correction, m/s 
25 + 0.33 
20 + 0.22 
15 + 0.11 
10 0.00 
5 - 0.11 
0 — 0.22 
Depths in this report are true, corrected values. 






Sound speed + 0.15 m/s + 0.10 m/s 
Temperature + 0.05 °C + 0.03 °C 
Depth + 5m + \% ^ + 10m t 2.5m + $ + 5m 
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The sound speed uncertainties are relative to the standard 
used in laboratory calibration of our velocimeters (Greenspan & 
Tschiegg. 1957). These tables were used as published, although 
it is generally believed they are too high by about 0.3 m/s 
(C.E. Tschiegg, NBS, 1966, personal communication). 
ORGANIZATION OF PLOTS 
Figure 1 is a chart of our stations. Since the character of 
the oceanic water structure really depends only on the time of 
the year, the seasonal changes being repeated with minor 
variations from year to year, we have grouped our stations 
according to months: October *64 and '66, December '64 and *65, 
and March '66. 
There are three figures for each station: 1) the individual, 
consecutive sound speed profiles, 2) the individual, consecutive 
temperature profiles, and 3) sound speed and temperature profile 
envelopes, showing the total spread of either quantity over the 
duration of the station. 
The individual profiles have been spaced by 5 m/s, or 2 °C 
to improve legibility (except in very long stations, where the 
spacing is smaller). Each profile carries marks at round sound 
speed or temperature values, e.g. 1495,1500, 1505 m/s, etc.; or 
5, 10, 15^, etc. The small horizontal ticks on the sound speed 
profiles are 10-minute time marks: the times and depths for 
each tick are listed in the Appendix "Timing of Profiles". 
Temperature and sound speed profile envelopes are given in 
the same figure: temperature at left, sound speed at right. An 
exception is Stations 111 - 117 which constitute a near-synoptic 
survey of the waters around the island, on a circle about 60 
miles radius: for these stations all temperature envelopes have 
been combined in one figure, sound speeds in another — in 
order to present a better "snapshot" of the hydrography around 
the island. 
All profiles have been reproduced on a uniform scale: 100m 
depth = 0.2 inches; 1 m/s =0.1 inches: 1 °C = 0.2 inches. An 
easy way to read the profiles is to prepare a transparent over¬ 
lay of 10 x 10 to the inch graph paper. 
RESULTS 
I. STATIONS 40-42, 109-119: OCTOBER 
The shallower portions of the two October series are quite 
different. The 1964 stations, taken early in the month, are 
typical summer profiles: uniformly increasing temperature near 
the surface, from about 100m upwards, with occasional near-iso¬ 
thermal patches. The upper knee of the main thermocline (more 
precisely, the knee in the sound speed profiles: a combined 
effect of the thermocline knee and the mild salinity maximum 
above it) is at roughly 400m depth. 
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The 1966 stations, taken towards the end of the month, 
already show an autumnal water structure: a well-defined, 50m 
thick isothermal surface layer, and the upper knee of the 
thermocline has sunk to 500m depth. 
This summer-autumn transition occurs around Bermuda during 
September or October — sometimes earlier, sometimes later, 
depending largely on the local weather. 
At depths beyond 500m, no real differences can be observed 
between the two years. 
In 1964 we were mainly concerned with the stability of the 
sound channel, thus most of the profiles in these three stations 
(40,41,42) do not reach into the surface waters. Instead, there 
are long series of consecutive profilings in and below the 
thermocline. Stations 41 and 42 were anchor stations. (Our 
technique of anchoring at depths over 2000 fathoms has been 
described in Volume III of this series.) 
IA.Station 41: CONSTANT DEPTH RECORDINGS IN AND BELOW THE 
THERMOCLINE: INTERNAL WAVES AND THEIR SPECTRA * 
In station 41 we tried to take a close look at the internal 
waves around the main Sargasso Sea thermocline. We anchored the 
ship in over 2000 fathoms of water about 100 miles south of 
Bermuda and started our station by taking half a dozen profiles 
to a little over 2000m depth. (Figs. 4, 5.) These showed that 
the waters were normal, no large cells or thick layers were to 
be seen anywhere, except a medium-sized one around 1000m, and 
the currents were no stronger than usual. 
We stopped our instruments on the sound channel axis, below 
the lower knee of the main thermocline, and kept them there for 
the next 30 hours at a depth of 1167 - 2 meters (41CD1). This 
was followed by 12 profiles of the usual kind, after which we 
had another constant-depth session, inside the thermocline but 
still close to the lower knee at 923 - 2 meters (41CD2). After 
18 hours at this depth, the weather worsened and we had to 
terminate our station. 
During the constant depth periods we slowed down our sampl¬ 
ing rate to 80 seconds for a complete depth-temperature-sound 
speed reading sequence — a compromise between amount of digital 
data gathered and high-frequency resolution. 
Total recording time on station was 77 hours. 
* Condensed from "Internal Waves In and Below the 
Sargasso Sea Thermocline",presented as paper 0-43 
at the 50th Annual Meeting of the American Geo¬ 
physical Union, Washington, D. C., April 1969. 

-6- 
Figures 6 and 7 show the results of our constant depth 
sessions, depth, temperature and sound speed versus time: Fig.6 
below the thermocline, Fig. 7 inside the thermocline. (NB: 
Vertical scales of the two figures are not the same.) 
The actual constant-depth parts of the two sessions have 
been extended in time by taking readings at the proper depths 
from our profiles before and after the constant depth parts. 
These very low resolution ’’wings1’ help to extend our observation 
times for very long period waves. 
The two time series show immediately the near-perfect 
correlation between the temperature and sound speed traces. The 
amplitudes of these two traces are an order of magnitude larger 
than could be caused by depth variations alone — we are seeing 
internal waves, an up-and-down fluctuation of the water mass. 
These oscillations are a combination of a true up-and-down 
oscillation of the waters, plus some current effects. The 
latter are probably small compared to the first. 
The maximum temperature and sound speed variations observ¬ 
ed over the duration of our station are 0.25 °C (1.1 m/s) 
below the thermocline (Fig. 6). Inside the thermocline (Fig.7), 
the variations are nearly twice as much: 0.44 °C (1.86 m/s). 
Comparing these figures to the mean gradients at the depths of 
measurement (1.25 •10-2 °C/m at 920m; 0.6 • 10 °C/m at 1170m), 
we can infer wave amplitues of at least 32 meters inside the 
thermocline, 40 meters gust below it. Nothing definite can be 
said about the periods of these large slow waves, although 
there are indications they might be close to tidal. Our samples 
really are not long enough to let us decide, but the very 
washed-out peaks in the time series tracings are separated by 
intervals which look roughly diurnal and semidiurnal. The 
maj'or peaks do not coincide with surface tide extremes, they 
fall about half-way between. 
In addition to the slow large waves both time series show 
complex, random more rapid oscillations of varying amplitude 
and periodicity. No persistent or dominant frequencies can be 
seen in either recording. Occasionally quite distinct single¬ 
frequency wavetrains can be discerned — they are of very 
short duration, of a few periods each. These short single¬ 
frequency wavetrains are more common inside the thermocline 
than below it. 
The two constant-depth time series have been spectrally 
analyzed for power density, using the standard technique of 
taking the autocorrelation function of the time series and 
Fourier transforming this into the frequency domain.(Blackman & 
Tukey,1959; Hassell, 1965; Onyx, 1966; Richards, 1967) The 
first, fairly obvious result of the analysis is that the time 
series at both depths are not yet stationary for our observa¬ 
tion times, 18 and 30 hours. Considering the very long periods 
of the large waves involved, series of at least a week or more 
might tend to become stationary. Even then we would probably 
have to eliminate seasonal changes from the analysis. 
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Because of the shortness and non-stationarity of our time 
series, we cannot claim any general validity of our power 
density spectra — they should only be considered illustrative, 
typical of relatively short periods of observation. 
Two different windows were tried in our analysis: a narrow 
v. Hann window (weighting coefficients 0.25 + 0.50 + 0.25), and 
an approximately 8 minutes wide modification (0.05 + 0.1 + 0.2 + 
0.3 + 0.1 + 0.05) of the same for a wider passband. The results 
of the two windows are similar, but at the time of this writing 
we cannot give an explanation why the two windows produce 
different slopes in the low-frequency part of the spectra. 
The power density spectra of our two depths (Figs. 8, 9) are 
superficially similar, but differ significantly in detail. In 
both cases power decreases with increasing frequency, both can 
be divided into three regions: a steep drop at low frequencies, 
an intermediate region, and a flat high-frequency tail. 
The "intermediate region" is more or less centered around 
the local V&isMlci frequency — the high frequency limit of 
propagating internal waves. This limit is directly proportional 
to the square root of the mean local density gradient. 
Waves do occur at frequencies higher than this limit, but 
they do not travel very far, they suffer considerable attenu¬ 
ation and are soon lost. These high-frequency waves have either 
leaked from an adjoining region of high density gradient, or 
they can originate locally at thin interlayer boundaries. In 
the latter case their energy and amplitudes would be quite small 
Our power spectrum from below the thermocline (Fig. 8)shows 
these regions and relationships in a very clear fashion. At the 
low frequency end there is a rapid dropoff in energy until we 
reach the deep water V&is&l& frequency at about 0.6 periods 
per hour. These are the slow, high amplitude waves which involve 
very large and thick water masses, and can propagate unhindered 
anywhere in the ocean. The frequency-power relationship of the 
wide window spectrum in this region is close to the 5/3 power 
law. 
The "intermediate" region in this deep spectrum fits perfect 
ly between the VMis^lS frequencies for deep water and the mean 
thermocline. The local VMis£tl& frequency is 1.3 periods per 
hour, halfway between the deep waters and the thermocline. This 
is not very surprising — we are still very close to the thermoc 
line, close enough for a large amount of the high-frequency 
waves, which are permissible in the thermocline, to leak down. 
The spectral power in this region decreases approximately 
with frequency to the power of -4/3. 
Above the high-frequency break in this spectrum there is a 
very weak, practically flat tail. 
L 
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Figure 9 seems to indicate that the relationships inside 
the thermocline, a little above its lower knee, are not as 
clearcut as 250m deeper. We probably can blame our much short¬ 
er recording time for some of this. 
Again, there is a sharply dropping low-frequency section 
which more-or-less follows the 5/3 law. At a frequency close 
to 1 per hour this levels off to a nearly level, "white” inter¬ 
mediate region reaching to 5 or 6 periods per hour, a little 
above the high-frequency limit of the thermocline as a whole. 
The local V&is£l& frequency, 3 per hour, is again near the 
center of this region. At periods shorter than 12 minutes 
there are several minor peaks in the spectrum, at non-harmonic- 
ally related frequencies. We suspect these are caused by small 
local oscillations of high-gradient interfaces between layers 
of slightly different waters — the individual temperature and 
sound speed profiles are quite wiggly at this depth. Inside 
the thermocline, temperature gradients of the order of 1/4 °C/m 
can be found at thin interlayer boundaries — the VMisSlM 
period for such a high gradient is of the order of 5 minutes. 
It is hard to believe the oscillations in the spectrum are 
caused by aliasing or noise, since recording quality and 
conditions for this constant depth session were identical to 
the first one. 
IB. STATIONS 111-117: CIRCLE AROUND BERMUDA . 
In October 1966 we made a 5-day series of stations around 
Bermuda, equally spaced at about 60 miles distance from the 
islands. The sound speed and temperature profile sequences are 
shown in Figs. 14-29; the combined envelopes for the whole 
series in Figs. 60 and 61. 
Each of the stations consisted of 4 consecutive profiles, 
except Station 114: there we took 6 profiles since the quick- 
look shipboard XY recorder showed a large water mass rapidly 
moving in between profiles 2 and 3 (Figs. 22, 23), in the 
middle of the main thermocline. One does not often meet large, 
over 100m thick water cells in the thermocline proper, and 
even more unusual is the cold character of this cell. In 
approximately one hour this cell had attained its full concentra 
tion. It lifted the 12 °C isotherm by about 50m, or reduced the 
temperature at 700-800m depth by a full degree C. A quick look 
at the depth-sound speed-temperature relations, by reversing 
Wilson’s sound speed formula, shows this cell (profile 3) to 
have a nearly 0.3% salinity deficiency compared to our profile 2 
Between our profiles 3 and 6 the cell was gradually sinking 
deeper and growing less and less distinct. By the end of the 
station it was barely noticeable. 
We do not have any accurate data on the ship’s motions,even 
relative to the water, during the station, but any reasonable 
assumption about currents and drifts yields a lateral size of 
the cell of the order of a very few miles, say 3-5 at most.There 
are no signs of the cell in the neighbor stations (113,115,116). 
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Concurrently with the cold mass at 600-800m there were 
two warm water masses appearing in the same station, at both 
knees of the thermocline: at 300-400m and 1100-1300m depth. 
These were not by far as prominent as the central cold cell. 
The two southernmost stations (111,117) of our circle 
differ from the others by having a much lower minimum sound 
speed at the sound channel, and a main thermocline about 50m 
shallower than the rest between 5 °C and 15 °C. If we 
postulate a deep current coming from the North, we could 
explain this deformation as a rolling-up of the thermocline 
by the wake of the island pedestal. (Station 110, too close 
to the island and in its shadow, shows a normal thermocline). 
With the exception of the three stations discussed in 
detail, there is not much that can be said about the other 
stations: their differences are negligible. The only 
signicicant difference is the high surface and mixing layer 
temperature in the southeastern stations (111,112), and 
close to the island (110). 
IC. 15° ISOTHERMAL WATER, STATION 119. 
Station 119, two weeks after "the circle", has been in¬ 
cluded because of its unusual temperature structure between 
350 and 800m depth. The well-defined isothermal 14.8 °C 
water between 550-800m is seen occasionally in summer and 
autumn just below the 18° water, and seems to be sharply 
defined cell of short apparent lifetime, indicating small 
lateral dimensions of the cell and rapid transport by 
currents at this depth. 
The two sharply defined, thin cold layers at 400m we have 
only seen in this particular station. We have no idea of their 
source, lifetime or lateral dimensions. 
II. STATIONS 43-48, 86-89: DECEMBER. 
All these December stations show a typically autumnal 
surface water structure: a nearly isothermal, about 100m thick 
surface layer. The bottom part of this layer is quite vari¬ 
able and probably patchy: in some of the stations the knee of 
the sound speed profiles is very sharp, in some quite round 
and gradual. 
The surface waters in 1965 were appreciably more variable 
than in ’64, in spite of the shorter time span covered. 
Station 88 is interesting: over the duration of the station 
there is a progressive cooling of the surface proper, and a 
radical shape change of the uppermost 100m between profiles 
1 and 2. Our interpretation is that we were observing the 
edge of a patch of "abnormal" surface waters in profile 1. 
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Deeper down, the differences between the two years are 
very small. The main difference is that the deep waters, under 
the main thermocline, were a trifle colder in 1965 than in 
1964. As a consequence, the sound channel was slightly shall¬ 
ower in 1965 than in 1964, and its minimum sound speed was 
slightly lower. 
III. STATIONS 90-92: MARCH. 
These three stations show typically winter surface waters: 
the warm mixed layer has disappeared, the top-most 200m are 
nearly isothermal (18.5-18.8°C), rather variable and probably 
patchy. In all cases, however, there is a very pronounced 
acoustic duct at the surface. 
The only interesting feature worth mentioning in the deep 
waters is the rapid rise of temperatures between profiles 2 
and 3 of station 90, at depths between 800 and 1300m. 
TABLE 1: SOUND CHANNEL PARAMETERS. 
Table 1 attempts to give a numerical description of the 
sound channel region and its variability for all stations. 
This table is based on readings from the composite sound speed 
profile envelopes at each station. 
The columns in the table are defined as follows (circled 




Column 1: Station number. 
Column 2: Mean sound speed at 1500m depth. 
Column 2A: Mean sound speed at 2000m depth. 
Column 3: The axis or minimum minimum sound 
speed is the lowest speed in the 
composite profile envelope. 
Column 4: The sound channel width is defined 
as the difference of the minima of 
the high speed (right-hand) and low 
speed (left-hand) contours of the 
composite envelope. These minima do 
not necessarily occur at the same 
depth, they can be separated by 
several hundred meters. 
Column 5: Variability at the sound channel 
axis. Defined as the width of the 
composite envelope at the depth of 
the minimum minimum sound speed. 
Column 6: Axis depth: The depth at which the 
minimum minimum sound speed occurs. 
For columns 7, 8, 9, we have arbitrarily defined the 
sound channel as the region between points on the low speed 
(left-hand) side of the composite envelopes, having a sound 
speed 2 m/s higher than the minimum minimum speed. 
Column 7: Vertical spread of the upper and lower 
boundaries of the sound channel, up and 
down from the minimum minimum speed (axis) 
depth. 
Column 8: Depths of the upper and lower boundaries 
of the sound channel. 
Column 9: Total vertical extent of the sound channel. 
Column 10: Duration of station, hours. 
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Timing of Profiles 
Profile D(m) GMT Profil e D(m) GMT Profile D(m) GMT Profile D(m) GMT 
40/1 595 2020 41/1 1 1625 41/5 844 2300 41/10 1165 1040 
759 2030 65 1630 981 2310 885 1050 
1000 2040 241 1640 1168 2320 702 1100 
1289 2050 383 1700 1397 2330 647 1103 
1502 2100 564 1710 1502 2340 41/11 646 1103 
1740 2110 794 1720 1574 2350 720 1110 
1767 2111 1046 1730 1675 2400 960 1120 
40/2 1769 2113 1277 1740 1792 0010 1202 1130 
1738 2120 1432 1750 1892 0019 1420 1140 
1668 2130 1613 1800 41/6 1894 0022 1619 1150 
1574 2140 1862 1810 1793 0030 1804 1200 
1471 2150 1893 1813 1644 0040 1890 1206 
1354 2200 41/2 1894 1819 1474 0050 41/12 1894 1220 
1213 2210 1889 1820 1286 0100 1774 1230 
1060 2220 1701 1830 1082 0110 1618 1240 
898 2230 1464 1840 840 0120 1459 1250 
713 2240 1228 1850 638 0127 1304 1300 
508 2250 1038 1900 41/7 636 0129 1150 1310 
372 2256 871 1910 640 0130 996 1320 
40/3 373 2259 695 1920 803 0140 831 1330 
381 2300 648 1923 968 0150 651 1340 
593 2310 41/3 645 1925 1111 0200 41/13 642 1357 
850 2320 696 1930 1147 0203 658 1400 
1068 2330 833 1940 41CD1 1168 30hr. 779 1410 
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Fig. 4 Sound Speeds — Station 41 

Fig. 5 Temperatures — Station 41 

Fig 6 Constant Depth Time Series, 41 CD I 
Sound Speed and Temperature at 1170 m, below the Main Thermocline 
Fig. 7 Constant Depth Time Series, 41 CD 2. 
Sound Speed and Temperature at 920m, in the Main Thermocline 
I 

Fig. 8 POWER DENSITY SPECTRUM of 30 hour constant depth recording at 1170 meters 
(Below main Thermocline) 
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Fig. 9 POWER DENSITY SPECTRUM of 18 hour constant depth recording at 920meters 
(In main Thermocline) 
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Fig 60 Sound Speed Profile Envelopes - Stations 110 to 117 
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